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(57) ABSTRACT 

An antioxidant gas blow-off unit includes: a base portion 
configured as a hollow plate having an antioxidant gas flow 
passage formed therein; a hole that is provided in the base 
portion to allow a capillary to be inserted therein or removed 
therefrom and that communicates with the antioxidant gas 
flow passage; and a heater mounted on an outer Surface of the 
base portion. The antioxidant gas flow passage includes a first 
flow passage provided in the vicinity of the outer surface of 
the base portion on which the heater is mounted. This anti 
oxidant gas blow-off unit to be installed in a wire bonding 
apparatus heats free airballs effectively with a compact struc 
ture. 
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1. 

ANTOXDANT GAS BLOW-OFF UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the structure of an antioxi 
dant gas blow-off unit to be installed in a wire bonding appa 
ratUS. 

2. Description of the Related Art 
A large number of wire bonding apparatus employ ball 

bonding. In the ball bonding, a wire tail that extends from the 
tip of a capillary as a bonding tool is formed into a free airball 
by a spark, and then the free air ball is bonded to a semicon 
ductor element or an electrode of a substrate with the tip of the 
capillary. 

Although gold wires have been conventionally used for 
wire bonding, copper wires are now increasingly used 
because of lower cost and superior electric properties. How 
ever, the copper wire is more Susceptible to oxidation than the 
gold wire, and thus when the free air ball is formed from the 
copper wire by a spark, an oxide film might be formed on the 
surface of the ball. Such an oxide film weakens bonding 
between the free air ball and the electrode, leading to defec 
tive bonding. For this reason, a method for Suppressing the 
oxidation of the surface of the ball is proposed which includes 
forming a free air ball under inert gas. Such as nitrogen or 
argon gas, in bonding by use of a copper wire (see for 
example, Patent Document 1). 

In contrast, when the surface temperature of the free airball 
becomes low at the time of bonding, the bonding strength 
between the free air ball and electrode might be weakened. 
Furthermore, when the surface temperature of the free air ball 
becomes low at the time of forming the fee air ball, the 
resultant ball might be deformed (formed into a noncircular 
shape). For this reason, a method for ensuring the bonding 
strength is proposed which includes flowing heated deoxida 
tion gas through Surroundings of the free air ball before, 
throughout and after the formation of the free air ball, thereby 
keeping the temperature of the free air ball at high tempera 
ture (see for example, Patent Document 2). Moreover, 
another bonding method is proposed which includes Sup 
pressing oxidation of the Surface of a free airball by forming 
the free airball with the heated inert gas flowing therethrough, 
while keeping the free air ball at high temperature (see for 
example, Patent Document 3). 

However, like the related art described in Patent Document 
2, 3, in the structure for ejecting the heated inert gas from a gas 
noZZle, it is necessary to increase the flow rate of inert gas in 
order to maintain an inert gas atmosphere. Therefore, a large 
sized heater is also required to heat the inert gas. Potential 
problems with this case are that the bonding apparatus is 
enlarged and its slow operation inhibits high-speed bonding. 

CITATION LIST 

Patent Document 

Patent Document 1: Japanese Unexamined Patent Applica 
tion Publication No. 2007-294975 

Patent Document 2: Japanese Unexamined Patent Applica 
tion Publication No. 63(1988)-164230 

Patent Document 3: Japanese Unexamined Patent Applica 
tion Publication No. 63(1988)-266845 
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2 
SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 

Accordingly, it is an object of the present invention to 
provide an antioxidant gas blow-off unit that can effectively 
heat free air balls with a compact structure. 

Means for Solving Problem 

An antioxidant gas blow-off unit according to the present 
invention includes a base portion configured as a hollow plate 
having an antioxidant gas flow passage formed therein, a hole 
provided in the base portion to allow a capillary to be inserted 
thereinto or removed therefrom and communicating with the 
antioxidant gas flow passage, and a heater mounted on an 
outer Surface of the base portion. Further, the antioxidant gas 
flow passage includes a first flow passage provided in the 
vicinity of the outer surface of the base portion with the heater 
mounted thereon. 

In the antioxidant gas blow-off unit according to the 
present invention, preferably, the antioxidant gas flow pas 
sage includes a second flow passage provided between the 
first flow passage and the hole and which is deeper than the 
first flow passage, and the first flow passage at least partially 
Surrounds the second flow passage. 

In the antioxidant gas blow-off unit according to the 
present invention, the second flow passage preferably 
includes a plurality of outlets for blowing an antioxidant gas 
toward a center of the hole, and a labyrinth that changes a flow 
direction of the antioxidant gas between the first flow passage 
and each of the outlets at least twice. 

In the antioxidant gas blow-off unit according to the 
present invention, an electric flame off probe is preferably 
disposed in a through-hole provided in a side Surface of the 
hole. 

Effect of the Invention 

Therefore, the present invention provides an advantageous 
effect of providing an antioxidant gas blow-off unit that can 
effectively heat free air balls with a compact structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a perspective view of a wire bonding appa 
ratus in which an antioxidant gas blow-off unit according to 
an embodiment of the present invention is installed; 

FIG. 2 shows an enlarged, perspective view of the part A in 
FIG. 1: 

FIG. 3 shows a perspective view of a configuration of the 
antioxidant gas blow-off unit according to an embodiment of 
the present invention; 

FIG. 4 shows an explanatory view of the antioxidant gas 
flow passage in the antioxidant gas blow-off unit according to 
an embodiment of the present invention; 

FIG. 5 shows an explanatory view schematically showing 
the cross-section of the antioxidant gas blow-off unit accord 
ing to an embodiment of the present invention; 

FIG. 6 shows a perspective view of a wire bonding appa 
ratus in which an antioxidant gas blow-off unit according to 
another embodiment of the present invention is installed; 

FIG. 7 shows an explanatory view schematically showing 
a cross-section of the antioxidant gas blow-off unit according 
to another embodiment of the present invention; and 
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FIG. 8 shows a perspective view of a configuration of an 
antioxidant gas blow-off unit according to a further embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMIBODIMENTS 

Exemplary embodiments of the present invention will be 
described below with reference to the accompanying draw 
ings. As shown in FIG.1, an antioxidant gas blow-off unit 100 
according to an embodiment includes a plate-shaped hollow 
base portion 20 having an antioxidant gas flow passage 100 
formed therein, a hole 24 provided in the base portion 20 so as 
to allow a capillary 12 to be inserted thereinto or removed 
therefrom and communicating with the antioxidant gas flow 
passage 100 and a heater 50 mounted on an outer surface of 
the base portion 20. 
As shown in FIG. 1, the base portion 20 includes a main 

body 21 having on its surface a groove (to be described later) 
forming the antioxidant gas flow passage 100 and a thin 
flat-plate-shaped lid 22 mounted on the main body 21 and 
configured to close an opened end of the groove formed in the 
main body 21 to form the antioxidant gas flow passage 100 
together with the groove. Thus, the (upper) surface of the lid 
22 opposite to the main body 21 forms the outer surface of the 
base portion 20. The film-shaped heater 50 that has substan 
tially the same planar shape as the lid 22 is mounted on the 
upper surface of the lid 22, or the outer surface of the base 
portion 20. A cover plate 23 that has substantially the same 
planar shape as the lid 22 is mounted on the upper Surface of 
the heater 50. Electrodes 51 of the heater 50 are exposed from 
the cover plate 23. An antioxidant gas supply pipe 25 to which 
an antioxidant gas is Supplied is connected to the main body 
21. 
As shown in FIG. 2, a through-hole 71 is provided at the 

side Surface of the hole 24 communicating with the antioxi 
dant gas flow passage 100. An electric flame off probe 70 is 
disposed in the through-hole 71. The electric flame off probe 
70 discharges electricity with a wire tail 13 extending from 
the tip of the capillary 12 to form the tip of the wiretail 13 into 
a free air ball 14. 
When performing a bonding operation, the capillary 12 

shown in FIG. 1 is moved vertically (along the direction Z) 
with an ultrasonic horn 11 attached to a bonding arm (not 
shown), and presses the free air ball 14 formed at the tip of the 
wire tail 13 against an electrode of a semiconductor die or 
substrate, thereby bonding the wire to the electrode. The 
antioxidant gas blow-off unit 100 is installed in a bonding 
head (not shown) provided with the ultrasonic horn 11, and is 
configured to move in directions X and Y together with both 
the ultrasonic horn 11 and the capillary 12. Examples of the 
antioxidant gas include an inert gas, such as a nitrogen or 
argon gas, and a mixture gas thereof containing a deoxidation 
gas. Such as a hydrogen gas. 
As shown in FIG. 3, the main body 21 includes a substan 

tially trapezoidal first part 21a having its width decreased 
from a base part thereof with the antioxidant gas Supply pipe 
25 attached thereto toward the tip thereof, and a rectangular 
second part 21b having its rounded tip and provided with the 
hole 24 through which the capillary 12 passes. The surface of 
the first part 21a is provided with a shallow meandering 
groove 31, and band-shaped ridges 32 between the meander 
ing parts of the groove 31. The groove 31 in the base part side 
of the first part 21a is provided with an antioxidant gas Supply 
hole 26 that communicates with the antioxidant gas Supply 
pipe 25. The circumferential surface of the second part 21b is 
provided with a groove 33 that includes a linear part con 
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4 
nected to the groove 31, and a crescent part formed along a 
semicircular shape at the tip of the second part 21b. As shown 
in FIG. 5, the grooves 31 and 33 in this embodiment have the 
same depth H. 
A recess 40 is formed in the center of the second part 21b 

that is deeper than the grooves 31 and 33. The groove 33 and 
the recess 40 communicate with each other through a connec 
tion flow passage 34. As shown in FIG. 5, the recess 40 has a 
depth H. As shown in FIG. 4, a plurality of projections 35. 
36a, 36b, 37a, 37b, 38a and 38b are provided within the 
recess 40. Specifically, as shown in FIGS. 3 and 4, the semi 
cylindrical projection 35 projects from a bottom surface 41 of 
the recess 40, and is incurved toward the connection flow 
passage 34. The projections 36a and 36b are plate-shaped 
projections that project from left and right side Surfaces 42 of 
the recess 40, respectively, toward the side surfaces of the 
projection 35. The projections 37a and 37b are plate-shaped 
projections that project from the bottom surface 41 of the 
recess 40 on the hole 24 side of each gap between the projec 
tion 35 and each of the projections 36a and 36b. The projec 
tions 38a and 38b are arc-shaped projections that project from 
the bottom surface 41 of the recess 40 and which are disposed 
spaced apart from each other along the periphery of the hole 
24. The projections 38a and 38b are provided with stages 39a 
and 39b, respectively, on their side surfaces which face the 
hole 24, and the stages 39a and 39b are formed at a higher 
position than the bottom surface 41 of the recess 40. 
A groove 60 is provided in the main body 21 at a location 

close to the hole 24 in the recess 40 that is shallower than the 
recess 40. The groove 60 has a depth H from the surface of 
the main body 21 as shown in FIG.5. Each of the stages 39a 
and 39b also has the depth H from the surface of the main 
body 21 as shown in FIG. 5. 
As shown in FIG. 5, all the upper surfaces of the projections 

35, 37a, 37b, 38a and 38b are flush with the surface of the 
main body 21 on which the lid 22 is mounted, like the ridges 
32 and the projections 36a and 36b shown in FIG. 4. As shown 
in FIG. 3, the lid 22 has a shape equivalent to that formed by 
removing parts corresponding to both the groove 60 and the 
area surrounding the hole 24 from the outline of the main 
body 21 so as to have a U-shape notch. Further, a U-shaped 
notch 22a of the lid 22 is slightly smaller in radius than the 
arc-shaped surface of each of the projections 38a and 38b on 
the hole 24 side. Therefore, as shown in FIG. 3, when the flat 
sheet lid 22 is mounted on the main body 21, the surface of the 
main body 21 surrounding the grooves 31 and 33 and the 
respective upper surfaces of the ridges 32 and projections 35, 
36a,36b,37a,37b, 38a and 38b make contact with the bottom 
surface of the lid 22. As a result, the lid 22, the grooves 31 and 
33, and the ridges 32 configure a shallow first flow passage 
101. The first flow passage 101 includes a meandering 
upstream flow passage 102 formed close to the surface of the 
first part 21a in the main body 21, and a crescent downstream 
flow passage 103 that continues to a linear passage formed 
close to the surface of the second part 21b in the main body 
21. The lid 22, the recess 40, and the projections 35,36a,36b, 
37a, 37b, 38aand 38b configure a second flow passage 104 
that communicates with the hole 24. The first flow passage 
101 and the second flow passage 104 communicate with each 
other through the connection flow passage 34. Accordingly, 
the antioxidant gas flow passage 100 is configured by the first 
flow passage 101 including the upstream flow passage 102 
and the downstream flow passage 103, and the second flow 
passage 104 disposed between the first flow passage and the 
hole 24. 
As shown in FIG. 3, the linear part of the downstream flow 

passage 103 in the first flow passage 101 is disposed parallel 
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to the second flow passage 104, and the crescent part of the 
downstream flow passage 103 is disposed along the outer 
periphery of the second flow passage 104 and between the 
second flow passage 104 and the outer surface of the second 
part 21b. Accordingly, the downstream flow passage 103 
surrounds the second flow passage 104 at the tip end of the 
second part 21b. 

Both the groove 60 and the area surrounding the hole 24 
which correspond to the U-shaped notch 22a of the lid 22 are 
not covered with the lid 22 to be left open. Thus, the hole 24 
is visible from the surface of the lid 22. Furthermore, the 
groove 60 configures a groove-shaped flow passage 61 that is 
opened toward the lid 22, and creates a clearance for prevent 
ing the ultrasonic horn 11 from hitting the main body 21 when 
the ultrasonic horn 11 moves downward. 
As shown in FIG.3, the film-shaped heater 50 and the cover 

plate 23 also have substantially the same shape as the lid 22. 
and are provided with U-shaped notches 50a and 23a, respec 
tively, that have Substantially the same shape as the notch 22a 
of the lid 22. Accordingly, when the lid 22, the heater 50, and 
the cover plate 23 are stacked on the surface of the main body 
21, the U-shaped notches 50a and 23a of the heater 50 and the 
cover plate 23, respectively, do not also cover the area Sur 
rounding the hole 24 and the groove 60. As a result, the 
capillary 12 can enter the hole 24 through the U-shaped 
notches 22a, 50a and 23a, as shown in FIG.1. In this embodi 
ment, each of the main body 21, the lid 22, and the cover plate 
23 is made of ceramic. As shown in FIG.3, the main body 21, 
the lid 22, the heater 50, and the cover plate 23 are stacked in 
that order, and are formed by sintering or assembled with 
glue. 
As shown in FIGS. 3 and 4, the meandering upstream flow 

passage 102 configured with the lid 22, the groove 31 and the 
ridges 32 has a sectional passage area that decreases toward 
its downstream. The most downstream, linear part of the 
upstream flow passage 102 which extends from the first part 
21a to the second part 21b has the Smallest sectional passage 
area. The linear part of the upstream flow passage 102 is 
connected to the linear part of the downstream flow passage 
103 provided in the second part 21b of the main body 21. The 
downstream flow passage 103 is configured with the lid 22, 
the groove 33, and the surface of the main body 21 around the 
groove 33, and includes the linear and crescent parts. The 
linear part has the Smallest sectional passage area in the 
downstream flow passage 103. The crescent part of the down 
stream flow passage 103 as a sectional passage area that 
gradually increases toward the tip end of the second part 21b 
but gradually decreases away from the tip end of the second 
part 21b, and extends to the site of the second part 21b 
opposite to the first part 21a. The crescent part of the down 
stream flow passage 103 is Smaller in sectional passage area 
than the meandering parts of the upstream flow passage 102. 
As shown in FIG. 5, both the upstream flow passage 102 

and the downstream flow passage 103 are formed shallowly in 
the vicinity of the surface of the main body 21, and the lid 22 
is formed of a thin flat plate. In addition, as shown in FIG. 3, 
the heater 50 is mounted over the entire region of the lid 22 
covering the upstream flow passage 102 and the downstream 
flow passage 103. The antioxidant gas can be effectively 
heated with the heater 50. As described above, since the linear 
part that connects the upstream flow passage 102 to the down 
stream flow passage 103 has the Smallest sectional passage 
area, the antioxidant gas travels through the linear part at the 
fastest flow rate. Moreover, since the crescent part of the 
downstream flow passage 103 is slightly Smaller in sectional 
passage area than the meandering parts of the upstream flow 
passage 102, the antioxidant gas travels through the crescent 
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6 
part at a slightly slower flow rate than the above linear part. 
The crescent part of the downstream flow passage 103 dis 
posed in a region (on the downstream side) beyond the tip of 
the second part 21b has a closed end, so that the antioxidant 
gas stays within the crescent part. 
As shown in FIG. 4, the antioxidant gas flows into the 

upstream flow passage 102 through the antioxidant gas Sup 
ply hole 26 provided in the groove 31 in the first part 21a of 
the main body 21. Then, the antioxidant gas travels through 
the meandering parts of the shallow upstream flow passage 
102 while changing its flow direction, as indicated by arrows 
in FIG. 4. In a region from the upstream flow passage 102 to 
the crescent part of the downstream flow passage 103, the 
groove 31 is formed shallowly, so that the antioxidant gas 
effectively absorbs heat from the heater. While the antioxi 
dant gas is traveling in the long meandering parts, the tem 
perature of the antioxidant gas is gradually increasing. Then, 
when the antioxidant gas flows into the linear part that con 
nects the upstream flow passage 102 to the downstream flow 
passage 103, the temperature of the antioxidant gas further 
increases. Subsequently, when the antioxidant gas flows into 
the crescent part of the downstream flow passage 103 posi 
tioned ahead (upstream) of the tip of the second part 21b, the 
temperature of the antioxidant gas further gradually 
increases. To give an example of increasing the temperature 
of the antioxidant gas in this embodiment, assuming that the 
film-shaped heater 50 is 0.015 mm thick and the input elec 
tricity is 1 W, it is possible to increase the temperature of the 
antioxidant gas traveling at a flow rate of 0.3 liter/min from a 
normal temperature to about 130° C. At this time, the tem 
perature of the heater 50 is about 150° C. The crescent part of 
the downstream flow passage 103 disposed in a region (on the 
downstream side) beyond the tip of the second part 21b has 
the closed end, so that the antioxidant gas with increased 
temperature stays within the crescent part. 
The high-temperature antioxidant gas flows into the sec 

ond flow passage 104 through the connection flow passage 
34. As described above, the second flow passage 104 is con 
figured with the lid 22, the recess 40 with the depth H, and the 
projections 35,36a,36b, 37a, 37b, 38a and 38b. The second 
flow passage 104 is accordingly much larger in sectional 
passage area than the first flow passage 101 configured with 
the lid 22 and the shallow grooves 31 and 33 with the depth 
H. Thus, the antioxidant gas travels in the second flow pas 
sage 104 at a much slower flow rate than the first flow passage 
101. For this reason, the antioxidant gas is maintained at high 
temperature with the heater 50, although being not heated 
with the heater 50 to the extent that the temperature thereof 
further increases. 
As described above, the linear part of the downstream flow 

passage 103 in the first flow passage 101 is disposed parallel 
to the second flow passage 104, and the crescent part of the 
downstream flow passage 103 is disposed along the outer 
periphery of the second flow passage 104 between the second 
flow passage 104 and the outer surface of the second part 21b. 
Thus, the second flow passage 104 is partly surrounded by the 
downstream side flow passage 103 where the high-tempera 
ture antioxidant gas flows or stays. This Suppresses the anti 
oxidant gas in the second flow passage 104 from being 
reduced in temperature, and maintains the antioxidant gas in 
the second flow passage 104 at high temperatures in conjunc 
tion with heating of the heater 50. 
As shown in FIG. 4, the high-temperature antioxidant gas 

flowing into the second flow passage 104 has its flow direc 
tion changed by the projections 35, 36a, 36b, 37a, 37b, 38a 
and 38b. More specifically, the antioxidant gas flowing into 
the second flow passage 104 through the connection flow 
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passage 34 has its flow direction changed by the projection 35 
toward the side surface 42 of the recess 40. Then, the flow 
direction of the gas is sequentially changed by the projections 
36a and 36b to the center of the recess 40, and then by the 
projections 37a and 37b to each of the left and right sides. 
Subsequently, the flow direction of the gas is changed by the 
projections 38a and 38b toward the center 24c of the hole 24. 
Finally, the antioxidant gas blows out toward the center 24c of 
the hole 24 from outlets 45a, 45b and 45c located between the 
projections 38a and 38b, and between each of the projections 
38a and 38b and the side surface 42 of the recess 40. That is, 
the projections 35,36a,36b, 37a,37b, 38a and 38b configure 
a labyrinth that changes the flow direction of the high-tem 
perature antioxidant gas at least twice. Then, the high-tem 
perature antioxidant gas uniformly blows out toward the cen 
ter 24c of the hole 24 from the outlet 45a, 45b and 45c., which 
are provided between the projections 38a and 38b, and 
between each of the projections 38a and 38b and the side 
surface 42 of the recess 40. Apart of the antioxidantgasblown 
out uniformly from the outlets 45a, 45b and 45c to the center 
24c of the hole 24 flows downward from the lower surface of 
the main body 21 through the hole 24, as shown in FIG.5. The 
remaining gas flows out horizontally through the groove 
shaped flow passage 61 configured with the groove 60. 
The second flow passage 104 vertically diffuses the high 

temperature antioxidant gas flowing into the first flow pas 
sage 101 near the surface of the main body 21, in the height 
direction of the main body 21, with the antioxidant gas kept at 
high temperature, so that the high-temperature antioxidant 
gas can be blown out over a wide range in the height direction. 
Since the hole 24 is provided in the bottom surface 41 of the 
recess 40, the flow of the antioxidant gas, which is to be blown 
out from the outlets 45a, 45b and 45c., is not disturbed by 
external airflow. Moreover, the projections 38a and 38b form 
walls around the hole 24, and the stages 39a and 39b of the 
projections 38a and 38b extend so as to be flush with the 
bottom surface of the groove 60, as shown in FIG. 5. This 
structure can create a high-temperature and high-concentra 
tion region 80 filled with a high-temperature and high-con 
centration antioxidant gas, around the hole 24 as indicated by 
the cloud marks in FIG. 5. In this embodiment, even at a low 
flow rate of the antioxidant gas, Such as 0.3 liters/min as 
mentioned above, it is possible to produce the high-tempera 
ture and high-concentration region 80 that contains the anti 
oxidant gas at a temperature of about 130°C. in a concentra 
tion of about 100%. 
As shown in FIG. 5, the center of the capillary 12 is aligned 

with the center 24c of the hole 24. Then, the height of the 
ultrasonic horn 11 is adjusted such that the wire tail 13 at the 
tip of the capillary 12 enters into the high-temperature and 
high-concentration region 80 filled with the antioxidant gas. 
After that, electric discharge is generated between the wire 
tail 13 and the electric flame off probe 70 disposed in the 
through-hole 71 on the side surface of the hole 24. In this way, 
the wire tail 13 is formed into the free air ball 14, thus free air 
ball 14 is formed in the high-temperature and high-concen 
tration antioxidant gas. It is therefore possible to Suppress the 
free air ball 14 from being deformed (formed into a noncir 
cular shape) and its Surface from being oxidized. In addition, 
since the electric discharge is generated in the inert gas atmo 
sphere, it is further possible to suppress deterioration of bond 
ing which would be caused by, for example, oxidation of the 
electric flame off probe 70. 
The antioxidant gas having a high temperature of about 

130° C. can be uniformly blown out to the formed free air 
balls 14, thereby enabling bonding of the free air balls 14 
while effectively keeping the free air balls 14 at high tem 
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8 
perature. This can perform the bonding with sufficient bond 
ing strength. Maintaining the free air balls 14 at high tem 
peratures in this manner provides the following merits: 
bonding can be performed with soft free air balls; and strain 
hardening of a metal material. Such as copper, forming a wire 
can be suppressed. Specifically, by Suppressing a rapid tem 
perature drop of the free air ball, the generation of impurities 
in the free air ball can be reduced and the hardening of the free 
air ball can be mitigated. This can decrease a pressing force 
and heat given to a Substrate when performing bonding, 
achieving damage-free bonding (that hardly causes damage 
to the Substrate and the like). In this way, the bonding qualities 
are improved. Furthermore, when the temperature of the free 
air ball increases when performing bonding, metal particles 
diffuse more appropriately within the bond. This can reduce 
the application of ultrasonic vibrations, further improving the 
bonding qualities. 
As described above, the antioxidant gas blow-off unit 100 

in this embodiment effectively increases the temperature of 
the antioxidant gas by using the shallow first flow passage 101 
close to the surface of the main body 21 on which the heater 
50 is mounted. In turn, the antioxidant gas blow-off unit 100 
Vertically diffuses the antioxidant gas in the height direction 
by using the second flow passage 104 that is deeper than the 
first flow passage 101, and blows out the antioxidant gas 
uniformly from a region surrounding the hole 24 to the free air 
ball 14. In this way, the free air ball 14 can be effectively 
heated or kept at the constant temperature even by a small 
amount of antioxidant gas, which enables the bonding with 
the Sufficient bonding strength. 

Moreover, the effective heating and heat retention of the 
free air balls 14 using a small amount of antioxidant gas can 
result in downsizing of the antioxidant gas flow passage 100 
and a compact overall configuration. 

Further, the second flow passage 104 is partly surrounded 
by the downstream side flow passage 103 where the high 
temperature antioxidant gas flows or stays. This arrangement 
can effectively maintain the antioxidant gas in the second 
flow passage 104 at high temperature, and thus can blow out 
the high-temperature antioxidant gas to the free air balls 14. 

Although in the embodiment described above, the heater 
50 has substantially the same film shape as the lid 22, the 
heater 50 does not necessarily have to have a film shape, 
provided that it has a small thickness. Furthermore, the heater 
50 does not necessarily have to have substantially the same 
shape as the lid 22, provided that it can heat the antioxidant 
gas traveling in the shallow first flow passage 101. Alterna 
tively, a plurality of heaters can be mounted separately from 
one another on the surface of the lid 22. 

Next, another embodiment of the present invention will be 
described with reference to FIGS. 6 and 7. The same parts in 
the figures as those in the embodiment described with refer 
ence to FIGS. 1 to 5 are denoted by the same reference 
characters, and thus a description thereof will be omitted 
below. In this embodiment, as shown in FIG. 7, a heater 50 is 
slightly smaller in size than the outline of the lid 22 and a 
cover plate 23, and the cover plate 23 has a periphery thereof 
provided with a projection that covers the outer end of the 
heater 50. Therefore, as shown in FIG. 6, the end surface of 
the heater 50 is not exposed to the outside, so that the heater 
50 is not visible from the outside. 

Since the end surface of the heater 50 is not exposed to the 
outside, this embodiment can heat the antioxidant gas in the 
flow passage more effectively. When the film-shaped heater 
50 is very thin, a configuration in which no projection is 
provided on the periphery of the cover plate 23 can be 
employed, as shown in FIG. 7. 
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Next, a further embodiment of the present invention will be 
described with reference to FIG. 8. The same parts in the 
figure as those in the embodiments described above are 
denoted by the same reference characters and thus a descrip 
tion thereof will be omitted below. In this embodiment, as 
shown in FIG. 8, a patterned heating resistor 50b is formed on 
a surface of a lid 22, instead ofusing the film-shaped heater 50 
in the above-mentioned embodiments. This embodiment pro 
duces the same effects as the embodiments described above. 
The present invention is not limited to the embodiments 

described above, and includes all possible modifications and 
variations that are within the technical scope or nature of the 
invention specified by the claims. 

REFERENCE SIGNS LIST 

11 ultrasonic horn 
12 capillary 
13 wire tail 
14 free air ball 
20 base portion 
21 main body 
21a first part 
21b second part 
22 lid 
22a, 23a, 50a notch 
23 cover plate 
24 hole 
24c center 
25 antioxidant gas Supply pipe 
26 antioxidant gas Supply hole 
100 antioxidant gas flow passage 
101 first flow passage 
104 second flow passage 
102 upstream flow passage 
103 downstream flow passage 
31, 33, 60 groove 
32 ridges 
34 connection flow passage 
35, 36a, 36b, 37a, 37b, 38a, 38b projection 
39a, 39b stage 
40 recess 
41 bottom surface 
42 side surface 
45a, 45b, 45c outlet 
50 heater 
50b heating resistor 
51 electrodes 
61 groove-shaped flow passage 
70 electric flame off probe 
71 through-hole 
80 high-temperature and high-concentration region 
100 antioxidant gas blow-off unit 
What is claimed is: 
1. An antioxidant gas blow-off unit comprising: 
a base portion configured as a hollow plate having an 

antioxidant gas flow passage formed therein; 
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10 
a hole provided in the base portion to allow a capillary to be 

inserted thereinto or removed therefrom, the hole com 
municating with the antioxidant gas flow passage; and 

a heater mounted on an outer Surface of the base portion; 
wherein the antioxidant gas flow passage comprises a first 

flow passage proximal to the outer Surface of the base 
portion on which the heater is mounted, the first flow 
passage being a groove; 

wherein the first flow passage includes serpentine 
upstream flow passage. 

2. An antioxidant gas blow-off unit comprising: 
a base portion configured as a hollow plate having an 

antioxidant gas flow passage formed therein; 
a hole provided in the base portion to allow a capillary to be 

inserted thereinto or removed therefrom, the hole com 
municating with the antioxidant gas flow passage; and 

a heater mounted on an outer Surface of the base portion; 
wherein the antioxidant gas flow passage comprises a first 

flow passage proximal to the outer Surface of the base 
portion on which the heater is mounted, the first flow 
passage being a groove; 

wherein the antioxidant gas flow passage comprises a sec 
ond flow passage provided between the first flow pas 
Sage and the hole, the second flow passage being deeper 
than the first flow passage, and the first flow passage at 
least partially Surrounding the second flow passage. 

3. The antioxidant gas blow-off unit according to claim 2, 
wherein the second flow passage comprises 

a plurality of outlets through which an antioxidant gas is 
blown out toward a center of the hole, and 

a labyrinth changing a flow direction of the antioxidant gas 
between the first flow passage and each of the outlets at 
least twice. 

4. An antioxidant gas blow-off unit comprising: 
a base portion configured as a hollow plate having an 

antioxidant gas flow passage formed therein; 
a hole provided in the base portion to allow a capillary to be 

inserted thereinto or removed therefrom, the hole com 
municating with the antioxidant gas flow passage; and 

a heater mounted on an outer Surface of the base portion; 
wherein the antioxidant gas flow passage comprise a first 

flow passage proximal to the outer Surface of the base 
portion on which the heater is mounted, the first flow 
passage being a groove; 

wherein an electric flame off probe is disposed in a 
through-hole provided in a side surface of the hole. 

5. The antioxidant gas blow-off unit according to claim 2, 
wherein an electric flame off probe is disposed in a through 
hole provided in a side surface of the hole. 

6. The antioxidant gas blow-off unit according to claim 3, 
wherein an electric flame off probe is disposed in a through 
hole provided in a side surface of the hole. 

7. The antioxidant gas blow-off unit according to claim 1, 
wherein the first flow passage comprises a downstream flow 
passage having crescent shape that connects to the upstream 
flow passage. 


